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Motivated by the newly observed narrow structures Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−, and Ωb(6350)− in
the Ξ0
b
K− mass spectrum, we investigate the strong decays of the low-lying Ωb states within the 3P0 model
systematically. According to their masses and decay widths, the observed Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−,
andΩb(6350)
− resonances can be reasonably assigned as the λ−modeΩb(1P) states with JP = 1/2−, 3/2−, 3/2−,
and 5/2−. Meanwhile, the remaining P−wave state with JP = 1/2− should have a rather broad width, which can
hardly be observed by experiments. For the Ωb(2S ) and Ωb(1D) states, our predictions show that these states
have relatively narrow total widths and mainly decay into the ΞbK¯, Ξ
′
b
K¯ and Ξ′∗
b
K¯ final states. These abundant
theoretical predictions may be valuable for searching more excited Ωb states in future experiments.
PACS numbers:
Keywords: Low-lying Ωb states; Strong decays;
3P0 model
I. INTRODUCTION
Two kinds of excitations, the ρ-mode and λ-mode, exist for
the Ωb family. The ρ-mode one is the excitation between two
strange quarks, while the λ-mode case is the excitation be-
tween the strange quark subsystem and bottom quark. Such a
structure is illustrated in Fig. 1. For this system, the λ-mode is
more easily excited due to its heavy reduced mass. To under-
stand the internal structures of these states and establish the
low-lying Ωb spectrum, experimental and theoretical efforts
on their strong decay behaviors are urgently needed.
Although the constituent quark models have predicted
plenty of heavy baryons for a long time [1–4], the experi-
mental information on the Ωc and Ωb states was scarce in
the past years [5]. Before 2017, there were only three Ωc
andΩb ground states in experiments: Ωc(2695),Ωc(2770) and
Ωb(6046) , while the ground state Ω
∗
b
was missing. In 2017,
the LHCb Collaboration observed five narrow resonances
Ωc(3000), Ωc(3050), Ωc(3066), Ωc(3090), and Ωc(3119) in
the Ξ+c K
− channel [6]. Meanwhile, the evidence of a relatively
broad signal Ωc(3188) was also reported [6]. Subsequently,
the Belle Collaboration confirmed most of them except for
the Ωc(3119) structure [7].
Very recently, the LHCb Collaboration reported four nar-
row peaksΩb(6316)
−, Ωb(6330)−, Ωb(6340)−, andΩb(6350)−
in the Ξ0
b
K− mass spectrum [8]. Their measured masses and
decay widths are listed as follows:
m[Ωb(6316)
−] = 6315.64 ± 0.31 ± 0.07 ± 0.50 MeV, (1)
Γ[Ωb(6316)
−] < 2.8 MeV, (2)
m[Ωb(6330)
−] = 6330.30± 0.28 ± 0.07 ± 0.50 MeV, (3)
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Γ[Ωb(6330)
−] < 3.1 MeV, (4)
m[Ωb(6340)
−] = 6339.71± 0.26 ± 0.05 ± 0.50 MeV, (5)
Γ[Ωb(6340)
−] < 1.5 MeV, (6)
m[Ωb(6350)
−] = 6349.88 ± 0.35 ± 0.05 ± 0.50 MeV, (7)
Γ[Ωb(6350)
−] = 1.4+1.0−0.8 ± 0.1 MeV, (8)
where only the upper limits are determined for the three lower
mass states. Compared with the masses predicted by the con-
stituent quark models [9–17], these four resonances are good
candidates of the λ-mode Ωb(1P) states.
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FIG. 1: The Ωb system with λ− or ρ−mode excitation. The s1 and s2
stand for the strange quarks, and b corresponds to the bottom quark.
The observations of the low-lyingΩc resonances havemade
an important progress towards a better understanding of the
heavy baryon spectrum and aroused widespread interests in
hadron physics. Lots of conventional and exotic interpreta-
tions on these low-lying states have been done, especially for
their strong decays [18–42]. However, the conclusions from
various theoretical works with different models and parame-
ters are not consistent with each other, and the spectrum of the
2low-lyingΩc states have not been established so far. The situ-
ation is even worse for the low-lyingΩb spectrum. Compared
with the excited Ωc states, the strong decays of the low-lying
Ωb states were only investigated by several works [15, 32–
35, 43, 44]. Nevertheless, due to the lack of experimental
information, the choices of parameters may be adjustable and
indeterminate, and the predictions of these different works do
not agree with each other. Hence, it is crucial to investigate the
strong decays of these low-lyingΩb baryons within the unified
model and coincident parameters, which has been adopted to
describe the excitedΛc(b) and Σc(b) states successfully [45–47].
In this work, we calculate the strong decay behaviors
of the low-lying Ωb states within the
3P0 model system-
atically. Our results show that the observed Ωb(6316)
−,
Ωb(6330)
−,Ωb(6340)−, andΩb(6350)− resonances can be rea-
sonably assigned as the λ−mode Ωb(1P) states with JP =
1/2−, 3/2−, 3/2−, and 5/2−. Meanwhile, the remaining
P−wave state with JP = 1/2− is predicted to be rather broad,
which can hardly be observed by experiments. Moreover, the
strong decays of the Ωb(2S ) and Ωb(1D) states suggest that
these states have relatively narrow total widths and mainly de-
cay into the ΞbK¯, Ξ
′
b
K¯ and Ξ′∗
b
K¯ final states. We hope these
abundant theoretical predictions can provide helpful informa-
tion for the future experimental searches.
This paper is organized as follows. In Sec. II, a brief
introduction of the 3P0 model and notations are illustrated.
The strong decays of the low-lying Ωb states are presented in
Sec. III. A short summary is given in the last section.
II. 3P0 MODEL AND NOTATIONS
In this work, we adopt the 3P0 model to calculate the two-
bodyOZI-allowed strong decays of the low-lyingΩb states. In
this model, a quark-antiquark pair with the quantum number
JPC =0++ is created from the vacuum, and then regroups into
two outgoing hadrons by a quark rearrangement process [48].
This model has been successfully employed to study differ-
ent kinds of the hadron systems for their strong decays with
considerable successes [27, 45–64]. Here, we perform a brief
introduction of this model. In the nonrelativistic limit, to de-
scribe the decay process A → BC, the transition operator T in
the 3P0 model can be taken as
T = −3γ
∑
m
〈1m1 − m|00〉
∫
d3p4d
3
p5δ
3(p4 + p5)
×Ym1
(
p4 − p5
2
)
χ451,−mφ
45
0 ω
45
0 b
†
4i
(p4)d
†
4 j
(p5), (9)
where γ is a dimensionless q4q¯5 pair-production strength, and
p4 and p5 are the momenta of the created quark q4 and an-
tiquark q¯5, respectively. The i and j are the color indices of
the created quark and antiquark. φ45
0
= (uu¯ + dd¯ + ss¯)/
√
3,
ω45 = δi j, and χ
45
1,−m are the flavor singlet, color singlet, and
spin triplet wave functions of the q4q¯5, respectively. The
Ym
1
(p) ≡ |p|Ym
1
(θp, φp) is the solid harmonic polynomial re-
flecting the P−wave momentum-space distribution of the cre-
ated quark pair.
For the strong decay of a baryonΩb, there are three possible
rearrangements,
A(s1, s2, b3) + P(q4, q¯5) → B(s2, q4, b3) +C(s1, q¯5), (10)
A(s1, s2, b3) + P(q4, q¯5) → B(s1, q4, b3) +C(s2, q¯5), (11)
A(s1, s2, b3) + P(q4, q¯5)→ B(s1, s2, q4) + C(b3, q¯5). (12)
These three ways of recouplings are also presented in Fig. 2.
It should be mentioned that the first and second ones stand
for the heavy baryon plus the light meson channels, while the
last one denotes the light baryon plus the heavy meson decay
mode.
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FIG. 2: The baryon decay process A → B +C in the 3P0 model.
The S matrix can be written as
〈 f |S |i〉 = I − i2piδ(E f − Ei)MMJA MJB MJC , (13)
where the MMJA MJB MJC is the helicity amplitude of the decay
process A → B + C. The explicit expression of the helicity
amplitudeMMJA MJB MJC can be found in Refs. [45–47, 54].
In this work, we adopt the simplest vertex which assumes
a spatially constant pair production strength γ, the relativistic
phase space, and the simple harmonic oscillator wave func-
tions [48]. Then, the decay width Γ(A → BC) is calculated
directly
Γ = pi2
p
M2
A
1
2JA + 1
∑
MJA ,MJB ,MJC
|MMJA MJB MJC |2, (14)
where p = |p| =
√
[M2
A
−(MB+MC )2][M2A−(MB−MC )2]
2MA
, and MA, MB,
and MC are the masses of the hadrons A, B, and C, respec-
tively.
For the Ωb(1P) states, we employ the masses of four newly
observed structures from LHCb experimental data by assum-
ing that they are possible candidates. For the masses of the
Ωb(2S ) and Ωb(1D) states, we adopt the theoretical predic-
tions in the relativistic quark model [9] which are listed in
Tab. I. For the final ground states, their masses are taken from
the Review of Particle Physics [5]. For the harmonic oscil-
lator parameters of mesons, we use the effective values as in
Ref. [61]. For the baryon parameters, we use αρ = 440 MeV
and
αλ =
(
3mQ
2mq + mQ
)1/4
αρ, (15)
where the mQ and mq are the heavy and light quark masses,
respectively [20, 45–47, 65]. The mu/d = 220 MeV, ms =
3419 MeV, mc = 1628 MeV and mb = 4977 MeV are in-
troduced to consider the mass differences of the heavy and
light quarks [61, 66, 67]. The overall parameter γ is deter-
mined by the well established Σc(2520)
++ → Λcpi+ process.
Then, the γ = 9.83 is obtained by reproducing the width
Γ[Σc(2520)
++ → Λcpi+] = 14.78 MeV [5, 45]. With this over-
all parameter γ, the strong decay behaviors of the ground and
excited ΛQ and ΣQ states can be well described [45–47].
III. STRONG DECAY
A. Ωb(1P) states
There are five λ-mode Ωb(1P) states in the constituent
quark model, which are denoted as Ωb0(
1
2
−
), Ωb1(
1
2
−
),
Ωb1(
3
2
−
), Ωb2(
3
2
−
) and Ωb2(
5
2
−
), respectively. From Tab. I, the
predicted masses of the five Ωb(1P) states are around 6330 ∼
6340 MeV. As mentioned in the Introduction, four narrow
structures Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−, and Ωb(6350)−
have been observed in the Ξ0
b
K− mass spectrum. Given the
uncertainties of quark model prediction, these structures are
good candidates of the Ωb(1P) states. With these experimen-
tal masses, all possibilities of these four observed resonances
as the Ωb(1P) states are considered and the total decay widths
are listed in the Tab. II. For the j = 0 state, the total decay
width is predicted to be rather large, while for the two j = 1
states, their OZI-allowed strong decays are forbidden due to
the quantum number conservation and the phase space con-
straint. For the two j = 2 states, the total decay widths are
about severalMeV, which may correspond to the experimental
observations. It can be seen that the pure Ωb(1P) assignments
can hardly interpret these four resonances simultaneously.
In fact, the physical resonances can be the mixing of the
quark model states with the same JP, that is
( |1P 1/2−〉1
|1P 1/2−〉2
)
=
(
cos θ sin θ
− sin θ cos θ
) ( |1/2−, j = 0〉
|1/2−, j = 1〉
)
, (16)
( |1P 3/2−〉1
|1P 3/2−〉2
)
=
(
cos θ sin θ
− sin θ cos θ
) ( |3/2−, j = 1〉
|3/2−, j = 2〉
)
. (17)
Under the heavy quark limit, the mixing angle should equals
to zero. Given the finite mass of the bottom quark, the heavy
quark symmetry should be approximately preserved, and the
mixing angle between the physical states and the quark model
states can have a small divergence with the j − j coupling
scheme. The total decay widths of various assignments versus
the mixing angle θ in the range −30◦ ∼ 30◦ are plotted in
Fig. 3.
With the similar masses and total widths, the strong decays
of the four resonances are all consistent with the experimental
data under the JP = 1/2− and JP = 3/2− assignments. How-
ever, only three states |1P 1/2−〉2, |1P 3/2−〉1, and |1P 3/2−〉2
belong to the narrow resonances, while the |1P 1/2−〉1 state is
too large to be occupied. Fortunately, there is also a JP = 5/2−
state, which is suitable for all four resonances. Hence, four
WbH6316L with J P=12-
-30 -15 0 15 300
350
700
1050
1400
ΘHdegreeL
W
id
th
HM
eV
L
WbH6316L with J P=32-
-30 -15 0 15 300
1
2
3
4
ΘHdegreeL
W
id
th
HM
eV
L
WbH6330L with J P=12-
-30 -15 0 15 300
350
700
1050
1400
ΘHdegreeL
W
id
th
HM
eV
L
WbH6330L with J P=32-
-30 -15 0 15 300
1
2
3
4
ΘHdegreeL
W
id
th
HM
eV
L
WbH6340L with J P=12-
-30 -15 0 15 300
350
700
1050
1400
ΘHdegreeL
W
id
th
HM
eV
L
WbH6340L with J P=32-
-30 -15 0 15 300
1
2
3
4
ΘHdegreeL
W
id
th
HM
eV
L
WbH6350L with J P=12-
-30 -15 0 15 300
350
700
1050
1400
ΘHdegreeL
W
id
th
HM
eV
L
WbH6350L with J P=32-
-30 -15 0 15 300
1
2
3
4
ΘHdegreeL
W
id
th
HM
eV
L
FIG. 3: The total decay widths of various assignments as functions
of the mixing angle θ in the range −30◦ ∼ 30◦. The red solid lines
are the |1P 1/2−〉1 states, and the blue dashed curves correspond to
the |1P 1/2−〉2 states. The green bands stand for the measured total
decay widths with errors.
narrow structures Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−, and
Ωb(6350)
− can be clarified into the |1P 1/2−〉2, |1P 3/2−〉1,
|1P 3/2−〉2, and |1P 5/2−〉 states. However, from current ex-
perimental information, we can hardly provide the exact cor-
respondence between the physical resonances and theoretical
states.
The predicted total decay width of the |1P 1/2−〉1 state is
rather large, which can be hardly observed experimentally.
This explains why the LHCb experiment only observed four
peaks in the Ξ0
b
K− mass spectrum. Our present results are
consistent with the previous chiral quark model calculations
under the j− j coupling scheme [43]. In Ref. [15], the authors
predicted one narrow j = 0 state, two OZI-forbidden j = 1
4TABLE I: Notations, quantum numbers and masses of initial baryons. The nρ and Lρ denote the nodal quantum number and orbital angular
momentum between the two strange quarks, respectively. The nλ and Lλ represent the the nodal quantum number and orbital angular mo-
mentum between the bottom quark and strange quark system. The S ρ stands for the total spin of the two strange quarks, L is the total orbital
angular momentum, j represent total angular momentum of L and S ρ, J is the total angular momentum, and P is the parity. The masses are
taken from the theoretical predictions from relativistic quark model [9]. The units are in MeV.
State j JP L nρ nλ Lρ Lλ S ρ Mass
Ωb(2S ) 1
1
2
+
0 0 1 0 0 1 6450
Ω
∗
b
(2S ) 1 3
2
+
0 0 1 0 0 1 6461
Ωb0(
1
2
−
) 0 1
2
−
1 0 0 0 1 1 6339
Ωb1(
1
2
−
) 1 1
2
−
1 0 0 0 1 1 6330
Ωb1(
3
2
−
) 1 3
2
−
1 0 0 0 1 1 6340
Ωb2(
3
2
−
) 2 3
2
−
1 0 0 0 1 1 6331
Ωb2(
5
2
−
) 2 5
2
−
1 0 0 0 1 1 6334
Ωb1(
1
2
+
) 1 1
2
+
2 0 0 0 2 1 6540
Ωb1(
3
2
+
) 1 3
2
+
2 0 0 0 2 1 6549
Ωb2(
3
2
+
) 2 3
2
+
2 0 0 0 2 1 6530
Ωb2(
5
2
+
) 2 5
2
+
2 0 0 0 2 1 6529
Ωb3(
5
2
+
) 3 5
2
+
2 0 0 0 2 1 6520
Ωb3(
7
2
+
) 3 7
2
+
2 0 0 0 2 1 6517
TABLE II: The decay widths of the four observed resonances as the Ωb(1P) states in MeV.
Ωb0(
1
2
−
, 1P) Ωb1(
1
2
−
, 1P) Ωb1(
3
2
−
, 1P) Ωb2(
3
2
−
, 1P) Ωb2(
5
2
−
, 1P) Experiments
Ωb(6316) 870.52 − − 0.35 0.35 < 2.8
Ωb(6330) 1056.79 − − 1.08 1.08 < 3.1
Ωb(6340) 1146.35 − − 1.85 1.85 < 1.5
Ωb(6350) 1224.29 − − 2.98 2.98 1.4+1.0−0.8 ± 0.1
states, and two narrow j = 2 states with the j − j couplings.
If the mixing mechanism was considered, the authors could
also perform four narrow Ωb(1P) states which agree with our
present calculations except for the j = 0 state. Moreover,
based on the L − S couplings, the authors predicted five nar-
rowΩb(1P) states within the
3P0 model [35], and three narrow
states within the chiral quark model [32], which show differ-
ent features with our results. Present experiment data suggests
that the physical states of these P−wave Ωb baryons more fa-
vor the j − j coupling scheme.
Also, one can determine the mixing angle θ of the two
JP = 1/2− states. If we choose the normal mass order for
the Ωb(1P) states, the mixing angle θ can be constrained by
the width of Ωb(6316)
− resonance. From Fig. 4, one can see
that the mixing angle θ should lie in −3.3◦ ∼ 3.3◦ except for
zero. When the mixing angle equals to zero, the |1P 1/2−〉2
state corresponds to the Ωb1(
1
2
−
), which cannot decay into the
ΞbK¯ channel. Thanks to the finite mass of bottom quark, the
small mixing between two JP = 1/2− states can occur, and the
narrow one can be observed in the ΞbK¯ final state experimen-
tally. For the two JP = 3/2− states, the mixing angle cannot
be determined by current experimental data. More theoretical
and experimental efforts are needed to solve this problem.
B. Ωb(2S ) states
In the traditional quark model, there are two λ-mode
2S−wave excitations, which are denoted as Ωb(2S ) and
Ω
∗
b
(2S ). From Tab. I, the predicted masses of these two
Ωb(2S ) states are 6450 MeV and 6461 MeV, respectively.
With the calculated masses, their strong decays within the 3P0
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FIG. 4: The allowed mixing angle θ under the assignment of the
Ωb(6316)
− as JP = 1/2− state. The red solid line is the |1P 1/2−〉1
state, and the blue dashed curve corresponds to the |1P 1/2−〉2 state.
The green band stands for the measured total decay width with error.
model are estimated and shown in Tab. III.
The total decay width of the JP = 1/2+ state is about 50
MeV and the dominating decay mode is ΞbK¯. The branching
ratios are predicted to be
Br(Ξ0bK
−,Ξ−b K¯
0) ∼ 48%, 45%. (18)
For the JP = 3/2+ state, the total width is predicted to be
53 MeV and the ΞbK¯ channel also dominates. The branching
ratios of the dominating channels Ξ0
b
K¯0 and Ξ+
b
K− are
Br(Ξ0bK
−,Ξ−b K¯
0) ∼ 48%, 46%. (19)
The total decay widths of our predictions are larger than that
of the potential model, but the main decay mode is consis-
tent with each other [15]. With the relatively narrow total
widths and dominating decay mode ΞbK¯, these two Ωb(2S )
states have good potentials to be observed in the ΞbK¯ mass
spectrum in future experiments.
TABLE III: Decay widths of the Ωb(2S ) states in MeV.
Mode Ωb(2S ) Ω
∗
b
(2S )
Ξ
0
b
K− 23.76 25.47
Ξ
−
b
K¯0 22.56 24.32
Ξ
′0
b
K− 1.87 0.86
Ξ
′−
b
K¯0 1.40 0.72
Ξ
′∗0
b
K− 0.08 1.39
Ξ
′∗−
b
K¯0 − 0.56
Total width 49.67 53.32
C. Ωb(1D) states
From Tab. I, the masses of the six Ωb(1D) states are pre-
dicted to be around 6517 ∼ 6549 MeV. The strong decay
widths for these D−wave states are estimated and presented in
Tab. IV. It can be seen that the total decay widths of Ωb1(
1
2
+
),
Ωb1(
3
2
+
), Ωb2(
3
2
+
), Ωb2(
5
2
+
), Ωb3(
5
2
+
) and Ωb3(
7
2
+
) states are
about 106, 108, 27, 21, 3, and 3 MeV, respectively. For the
two j = 1 states, the dominating decay mode is ΞbK¯, while
other decay channels are relatively small. For the two j = 2
states, the Ξ0
b
K¯0 and Ξ+
b
K− final states are forbidden due to
the quantum number conservation, and the main decay modes
for the Ωb2(
3
2
+
) and Ωb2(
5
2
+
) states are Ξ
′
b
K¯ and Ξ
′∗
b
K¯, respec-
tively. To distinguish these two j = 2 states, the partial de-
cay ratios between Ξ
′
b
K¯ and Ξ
′∗
b
K¯ modes are helpful. For the
two j = 3 states, the calculated decay widths are about sev-
eral MeV, which are quite narrow. The main decay mode is
ΞbK¯ with the branching ratio up to 97.3% and 98.2% for the
JP = 5/2+ and JP = 7/2+ states, respectively.
Within the chiral quark model and the L − S scheme, the
authors predicted that the total decay widths of these six states
lie in 7 ∼ 29 MeV [34], which show different features with
ours. Also, our predictions on these D−wave Ωb states are
quite different with the potential model calculations, where
six Ωb(1D) states all have widths of several MeV [44]. Future
experimental searches can help us to clarify these theoretical
divergences.
IV. SUMMARY
In this work, we study the strong decay behaviors of the
low-lying λ−mode Ωb states within the 3P0 model system-
atically. According to the masses and decay modes, four
newly observed Ωb resonances can be reasonably interpreted.
It is found that the Ωb(6316)
−, Ωb(6330)−, Ωb(6340)−, and
Ωb(6350)
− can be assigned as the λ−modeΩb(1P) states with
JP = 1/2−, 3/2−, 3/2−, and 5/2−. Meanwhile, the remain-
ing P−wave state with JP = 1/2− should have a rather broad
width, which can hardly be observed by experiments. For the
Ωb(2S ) and Ωb(1D) states, our predictions suggest that these
states have relatively narrow total widths and mainly decay
into the ΞbK¯, Ξ
′
b
K¯ and Ξ′∗
b
K¯ final states. We hope these the-
oretical calculations are valuable for searching more excited
Ωb states in future experiments.
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6TABLE IV: Decay widths of the Ωb(1D) states in MeV.
Mode Ωb1(
1
2
+
) Ωb1(
3
2
+
) Ωb2(
3
2
+
) Ωb2(
5
2
+
) Ωb3(
5
2
+
) Ωb3(
7
2
+
)
Ξ
0
b
K− 45.29 46.45 − − 1.54 1.46
Ξ
−
b
K¯0 44.37 45.61 − − 1.36 1.29
Ξ
′0
b
K− 5.99 1.66 11.87 0.03 0.03 0.01
Ξ
′−
b
K¯0 5.79 1.61 11.40 0.03 0.02 0.01
Ξ
′∗0
b
K− 2.38 6.75 1.86 10.82 0.02 0.02
Ξ
′∗−
b
K¯0 2.17 6.22 1.67 9.70 0.01 0.01
Total width 105.99 108.30 26.80 20.58 2.98 2.80
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